Enteropathogenic Escherichia coli (EPEC) and enterohemorrhagic E. coli (EHEC) produce the characteristic "attaching and effacing" (A/E) lesion of the brush border. Intimin, an outer membrane protein encoded by eae, is responsible for the tight association of both pathogens with the host cell. Several eae have been cloned from different EPEC and EHEC strains isolated from humans and animals. These sequences are conserved in the N-terminal region but highly variable in the last C-terminal 280 amino acids (aa), where the cell binding activity is localized. Based on these considerations, we developed a panel of specific primers to investigate the eae heterogeneity of the variable 3 region by using PCR amplification. We then investigated the distribution of the known intimin types in a large collection of EPEC and EHEC strains isolated from humans and different animal species. The existence of a yet-unknown family of intimin was suspected because several EHEC strains, isolated from human and cattle, did not react with any of the specific primer pairs, although these strains were eae positive when primers amplifying the conserved 5 end were used. We then cloned and sequenced the eae present in one of these strains (EHEC of serotype O103:H2) and subsequently designed a PCR primer that recognizes in a specific manner the variable 3 region of this new intimin type. This intimin, referred to as "," was present in human and bovine EHEC strains of serogroups O8, O11, O45, O103, O121, and O165. Intimin is the largest intimin cloned to date (948 aa) and shares the greatest overall sequence identity with intimin ␤, although analysis of the last C-terminal 280 aa suggests a greater similarity with intimins ␣ and ␥.
All mammals and birds are colonized by Escherichia coli, generally at birth, and these organisms become a permanent part of the normal microflora of the gastrointestinal tract. However, certain E. coli strains have been associated with gastroenteritis, urogenital disease, septicemia, and pleural infections in both humans and animals. Among these strains, enteropathogenic E. coli (EPEC) and enterohemorrhagic E. coli (EHEC) constitute a significant risk to human and animal health worldwide.
EHEC strains constitute a subset of serotypes of Shiga toxin (Stx)-producing E. coli (STEC) that has been firmly associated with bloody diarrhea and hemolytic-uremic syndrome (HUS) in industrialized countries (31) . Numerous outbreaks of disease have been attributed to EHEC O157:H7 (5, 31), but serotypes other than O157:H7 can be responsible for outbreaks and sporadic cases of human disease (30; A. Caprioli et al., Letter, Emerg. Infect. Dis. 3:578-579, 1997). EHEC strains have been shown to be pathogenic to neonatal calves (12, 49) and are frequently isolated from diarrheic calves (45, 66) , though systemic complications, such as HUS, have never been observed. Nevertheless, cattle are above all an important reservoir of EHEC O157, and asymptomatic carriage by young calves and adult cows has been well documented (5, 31, 34) . EHEC and other STEC strains have also been detected in the feces of other domestic animals such as sheep (7, 34) , pigs (7, 58) , and cats and dogs (7) and in the feces of wild animals such as deer (57) and pigeons (14) .
In contrast to EHEC, EPEC strains do not produce Stx and are not associated with HUS. Nevertheless, they are a major cause of infant diarrhea in non-industrialized countries (50) and are pathogenic to several animal species. EPEC strains are a serious cause of morbidity and mortality in weaned rabbits (8, 55) . They are also pathogenic to neonatal calves (21, 52 ) and seem to be isolated most frequently in cattle farms with recurrent problems of diarrhea (10) . In swine, EPEC strains have been involved in cases of postweaning diarrhea (68) , and there is also increasing evidence for a diarrheagenic role of EPEC in dogs (17, 63) . Finally, EPEC strains have been isolated from wild and domestic birds (22, 26) , although the role of these strains in avian diseases has yet to be defined.
Like all diarrheagenic E. coli strains, EHEC and EPEC must first colonize the intestinal mucosa. Both pathovars produce a characteristic histopathological feature, known as the "attaching-and-effacing" (A/E) lesion, by subverting the intestinal epithelial cell function (recently reviewed in reference 23). This lesion is characterized by the effacement of microvilli and by intimate adherence between the bacteria and the epithelial cell membrane. Marked cytoskeletal changes, including accumulation of polymerized actin, occur directly beneath the adherent bacteria. The formation of A/E lesions is governed by a pathogenicity island known as the locus of enterocyte effacement (LEE), which was first described in the EPEC O127 strain E2348/69 (44) . The LEE is present in EPEC and EHEC strains and in other bacterial species, such as Hafnia alvei and Citrobacter rodentium (formerly C. freundii biotype 4280) (for a review, see reference 37). The LEE from the EPEC strain E2348/69 contains 41 genes organized into three major regions, with known function (19) . A similar organization has been observed in the LEE from the EHEC O157:H7 strain EDL933, which presents 13 additional genes belonging to a putative P4 family prophage (54) . The LEE central region contains the eae (for E. coli attachment effacement) gene encoding a 94-to 97-kDa outer membrane protein known as intimin (36) . This protein mediates close contact between the bacteria and the target cell, upon interaction with its translocated receptor Tir (for translocated intimin receptor), encoded by a gene located upstream eae (13, 41) . Tir had been initially identified as a 90-kDa tyrosine phosphorylated protein from the target cell membrane and was called Hp90 (59) . The role of intimin in human disease has been demonstrated by studies in human volunteers with an isogenic eae null mutant of EPEC E2348/69 (15) . In animal models, intimin has been shown to be necessary for EHEC O157:H7 to intensively colonize the intestines and cause diarrhea and A/E lesions in calves and colonic edema and A/E lesions in piglets (11, 16, 47) .
E. coli eae genes have been cloned and sequenced from C. rodentium (60) and H. alvei (25) and from different EPEC or EHEC strains isolated from human (36, 67) , calf (29) , dog (6), pig, and rabbit (4) sources. The overall pattern for these sequences shows high conservation in the N-terminal region and variability in the last C-terminal 280 amino acids of the intimin, where binding to the enterocytes (25) and Tir (33) occurs. Various studies have investigated the heterogeneity of eae among E. coli strains by amplification of the variable 3Ј region by PCR and restriction fragment length polymorphism (RFLP) analysis of PCR products. Schmidt et al. (61) designed two primer pairs capable of differentiating the eae genes of EPEC and EHEC strains of serogroup O157. However, Giammanco et al. (28) observed that these primers were not able to amplify the intimin determinants in more than half of a series of eaepositive strains belonging to various serotypes, and Agin and Wolf (3) provided evidence for the existence of at least three immunologically distinct intimin types called ␣, ␤, and ␥. A multiplex PCR was designed to detect eae and simultaneously identify the specific alleles encoding these three intimin variants (56) . In another study, Adu-Bobie et al. (1) used antisera to the C-terminal region and PCR to investigate antigenic variation and classify the cell-binding domain of intimin expressed by A/E lesion-forming bacterial pathogens. By these means, these authors identified four distinct intimin types: intimin ␣, intimin ␤, intimin ␥, and intimin ␦. Nevertheless, some EHEC and EPEC strains still express nontypeable intimins (10, 53, 56) .
In the present study, we describe the nucleotide sequence of a fifth intimin type, referred to as "ε", which is present in human and bovine EHEC strains of serotype O103:H2 and designed a PCR primer that recognizes this sequence in a specific manner. A panel of specific primer pairs was used to investigate the distribution of the different intimin types among a collection of eae-positive E. coli strains isolated from humans and different animal species.
MATERIALS AND METHODS
Bacterial strains. The eae-positive E. coli isolates used in this study were part of the culture collections of the Istituto Superiore di Sanità in Rome, of the Institut für Hygiene und Mikrobiologie of the University of Wurzburg, and of the Ecole Veterinaire in Toulouse. Many of them have been described in previous studies (28, 61) . Some human strains were provided by M. A. Karmali (Toronto, Ontario, Canada) and Diana Karpman (Lund, Sweden). EPEC O86:H34 strain ICC95 was kindly provided by G. Frankel, London, United Kingdom. Porcine and canine EPEC strains were kindly provided by Josée Harel, Saint Hyacinthe, Quebec, Canada. We also used the EPEC O127:H6 strain E2348/69, the EHEC O157:H7 strain EDL933, and the EHEC O26:H11 strain H19 as prototypes of the ␣, ␥, and ␤ intimin types. Some of the isolates produced Stx, as assessed by the Vero cell cytotoxicity assay and PCR amplification of stx genes (48) .
Sequence analysis. DNA sequences of the different eae genes were retrieved from GenBank and included human EPEC O127:H6 strain E2348/69 (M58154), human EHEC O157:H7 strain EDL933 (Z11541), human EHEC O103:H2 strain PMK5 (AF116899 and this study), human EHEC O26:H11 strain H19 (U62656), human EHEC O111:HϪ strain 95NR1 (AF025311), human EPEC O111a,b:HϪ strain E2430/78 (U62655), human EPEC O86:H34 strain ICC95 (Y13112), rabbit EPEC O15:HϪ strain RDEC-1 (U60002), rabbit EPEC O103:H2 strain 84/110/1 (U59502), dog EPEC strain 4221 (U66102), human EPEC O55:H7 strain DEC 5d Orskov C586-65 (AF081184), human EPEC O128:H2 strain DEC 11a CDC 2254-75 (AF081186), calf EHEC O26HϪ strain 413/89-1 (AJ223063), human Hafnia alvei (L29509), and mouse Citrobacter rodentium (L11691). Comparisons were made by using the database at the National Center for Biotechnology Information (National institute of Health, Bethesda, Md.) with the BLAST search algorithm and GCG alignment software and with CLUSTAL W Multiple Sequence Alignment software. The phylogenetic tree was constructed by the neighbor-joining method with a bootstrap 10,000 time.
PCR analysis of eae gene. The presence of the intimin determinant was assessed in all strains by PCR amplification of the 5Ј conserved region by using the eae universal primers SK1 and SK2 (38) . The different types of eae genes were identified by using SK1 as the universal forward primer and the reverse primers LP2 and LP3 as described by Schmidt et al. (61) , which were able to amplify the determinants related to the sequences of EPEC O127 strain E2348/69 and EHEC O157 strain EDL933, respectively. A new primer, termed LP4, was designed in the hypervariable region of the eae gene of RDEC-1 strain, spanning from nucleotide 2283 to 2309 (Table 1) . Another new primer, LP5, was designed in the hypervariable region of the eae gene of EHEC O103 strain PMK5, spanning from nucleotide 2605 to 2630 (Table 1 ). LP4 and LP5 were used as reverse primers in combination with SK1. PCR conditions were as described by Schmidt et al. (61) , and the amplification products were analyzed by electrophoresis on 1% agarose gel.
Cloning and sequencing of the eae gene from EHEC O103:H2. The intimin gene of human EHEC O103 strain PMK5, isolated from the stools of a child suffering from HUS (46), was cloned into pCR2-1 vector by PCR. DNA amplification was carried out in a Perkin-Elmer apparatus by using high-fidelity Pfu DNA polymerase (Stratagene) with the primers orfU-upper (5Ј-TATGATGAT CTATGGCGTCTGT-3Ј) and escD-lower (5Ј-TATTTTCAAAAAGAATGATG TC-3Ј). The 3.7-kb PCR amplification product from strain PMK5 was cloned into pCR2.1 vector (Invitrogen). The nucleotide sequence of the amplification product was determined by the dideoxynucleotide triphosphate chain termination method of Sanger, with the Dye Deoxy Terminator Cycle Sequence Kit with an ABI 373A DNA automatic sequencer (Applied Bio-Systems). After the initial sequences were determined by using universal and reverse M13 primers, internal primers were designed to sequence the whole DNA fragment.
F-actin staining (FAS) after interaction between HeLa cells and bacteria. HeLa cells were seeded at 2 ⅐ 10 4 cells per well on Lab-Tek 8 chamber slides (Nunc) and cultivated for 24 h in Eagle minimum essential medium (MEM) supplemented with 10% fetal calf serum (FCS; Gibco) and gentamicin (80 mg ⅐ ml
Ϫ1
) at 37°C in a 5% CO 2 -95% air atmosphere. The interaction was made in 300 ml of MEM buffered with 25 mM HEPES complemented with 5% FCS and 1% mannose, with a starting inoculum of 15 ml of bacterial culture (ca. a The position of LP2 primer is referred to as the eae sequence of human EPEC O127:H6 strain E2348/69 (M58154); the position of LP3 primer is referred to as the eae sequence of human EHEC O157:H7 strain EDL933 (Z11541); the position of LP4 primer is referred to as the eae sequence of rabbit EPEC O15:HϪ strain RDEC-1 (U60002); the position of LP5 primer is referred to as the eae sequence of O103:H2 strain PMK5 (AF116899).
b NA, not applicable.
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times with Earle balanced saline solution, fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS; pH ϭ 7.4) for 30 min at 4°C, and then permeabilized with 0.1% Triton X-100 in PBS for 5 min. F-actin was labelled with rhodamine-phalloidin (Molecular Probes) in accordance with the manufacturer's instructions.
RESULTS
Construction of a specific intimin ␤ primer. We designed a reverse primer, specific for intimin ␤, in the hypervariable region of the eae gene from the rabbit EPEC strain RDEC-1 (O15:HϪ) and the human EHEC strain H19 (O26:H11). This primer, termed LP4, was designed to have no sequences in common at the 3Ј end with the corresponding region of the eae genes from strains EDL933 (O157:H7) and E2348/69 (O127: H6), which produce, respectively, intimins ␥ and ␣. When used together with SK1, LP4 generated a PCR product of the expected size (2,287 bp) with DNA from EPEC strain RDEC-1 and EHEC strain H19 and no product with templates obtained from EPEC strain E2348/69 or EHEC strain EDL933.
Distribution of the eae gene types among E. coli strains. The primer pairs SK1 and LP2, SK1 and LP3, and SK1 and LP4 specifically recognized the three types of intimin represented, respectively, by the control strains E2348/69 (intimin ␣), H19 and RDEC-1 (intimin ␤), and EDL933 (intimin ␥), and these PCRs always generated a product of the expected size (Table 1). The three primer pairs were then used to investigate by PCR the distribution of intimins ␣, ␤, and ␥ among a collection of 189 eae-positive E. coli strains isolated from different sources (i.e., humans, cattle, pigs, rabbits, dogs, and pigeons). The isolates belonged to 22 serogroups and 41 serotypes, and 138 of them produced Stx. Table 2 shows the PCR results obtained with the E. coli strains according to serotype, source of isolation, and capacity to produce Stx.
Intimin ␣ was found in human EPEC strains, which, in addition to the prototype serotype O127:H6, belonged to serotypes O55:H6, O125:H6, O127:HϪ, O157:H45, and O157:HϪ; unlike the typical EHEC strains, the O157 EPEC isolates were able to ferment sorbitol. Intimin ␣ was also found in a dog EPEC strain. Intimin ␥ was mainly found among human and cattle STEC strains, including both the sorbitol-negative and sorbitol-positive (33) EHEC O157 strains, as well as the EHEC isolates of serotypes O86:H40, O111:HϪ, O111:H8, and O145: HϪ. Intimin ␥ was also found in human EPEC O55:H7, O128: H8, O128:HϪ and O127:H40. Intimin ␤ was found in EPEC strains belonging to classical human (O26, O86, O111, O114, and O128) and rabbit (O15 and O103) serogroups, as well as in EHEC strains of serogroups O26, O118, and O123, in a porcine EPEC strain of serogroup O45, and in a dog EPEC strain of serogroup O49.
As a whole, the panel of PCR primers was able to amplify the eae genes of 164 of the 189 strains tested (87%), and none of the strains reacted with more than one primer pair. The 25 cattle and human EHEC strains that did not react with any of the specific primer pairs belonged to serogroups O8, O11, O45, O103, O121, and O165.
Cloning and sequencing the eae gene of human EHEC O103: H2. Since several EHEC strains isolated from humans and calves were positive with the universal eae primer pair SK1-SK2 but did not react with any of the type-specific primers, the existence of a yet-unknown type of intimin was suspected. We therefore decided to clone and sequence the eae present in one of these strains. We chose the EHEC strain PMK5 (O103:H2), which had been previously isolated from a patient with HUS in France (46) . We first demonstrated that PMK5 produced a functional intimin, since it was able to induce a classical FAS response on human epithelial cells (data not shown). We then cloned the complete eae gene by using primers designed in LEE regions located upstream and downstream of eae. Previous characterizations of the LEE have shown that eae is located between two genes: orfU, which codes for a putative chaperone (19) , and escD (also known as Pas) which codes for a member of a type III system required for protein secretion (19) . DNA analysis of the orfU and escD genes in LEE from different strains prompted us to design two consensus primers (orfU-upper and escD-lower) that allowed us to clone by PCR a 3.7-kb DNA fragment containing eae (GenBank accession number AF113597). Sequence analysis revealed that the eae gene from EHEC O103:H2 was similar to but larger than those previously described in other EPEC or EHEC strains (948 codons versus 934 to 940 codons). As expected, comparison of the DNA sequences showed a major divergence in the 3Ј half of the gene or C terminus, where the activity of binding to the enterocytes is localized. Although larger and quite different, the C terminus of intimin, termed ε, contained conserved features, such as the two cysteine residues (Fig. 1) forming a disulfide bond and required for binding activity of the intimin (24) . Intimin ε shared the greatest overall sequence identity (71%) with intimin ␤, reaching 98% when the comparison was made with just the first 657 amino acids from the N terminus. However, an analysis of the last C-terminal amino acids (starting with alanine 658) performed with CLUSTAL W suggested a greater similarity with intimins ␣ and ␥ (Fig. 1) . A phylogenetic tree was drawn from this multiple alignment (Fig. 2) . Construction of a specific intimin primer. On the basis of the nucleotide sequence of intimin ε, a specific primer, termed LP5, was designed in the hypervariable region of eae. When used together with SK1, LP5 generated a PCR product of the expected size (2,608 bp) with DNA from the EHEC strain PMK5 (O103:H2) as template, but it did not react with DNA from the prototype strains producing intimins ␣, ␤, or ␥. PCR analysis with LP5 showed that intimin ε was present in all of the 25 human or bovine STEC strains that were negative with the other three primers ( Table 2) .
Subtyping of the intimin determinants. To establish further differentiation within the different types of intimin genes, restriction analysis of the PCR amplification products was performed ( Fig. 3) according to the nucleotide sequence analysis of the prototype eae genes. When the ␣ intimin genes of the different serotypes were digested with PstI, the same RFLP pattern (␣1) was found in all of the isolates except for the three O125 strains, which shared a second profile termed ␣2.
Two other PstI RFLP profiles were observed within the strains possessing the ␥ intimin type: the first one (␥1) was shared by all the EHEC strains belonging to serogroups O157 and O145, by the Stx-producing strain O86:H40, and by EPEC O55:H7; the second profile (␥2) was represented by all the EHEC O111 strains and by EPEC O127:H40 and O128:H8. Analysis of the ␤ intimin genes with PstI, FokI, and HaeIII showed that all of the isolates harbored the same gene subtype (␤1), with the exception of the two human EPEC O86 and the canine EPEC O49 strains, which shared a very different profile, termed ␤2. The eae gene of one of these isolates (strain ICC95) had been previously classified by Adu-Bobie et al. (1) as the only representative of type ␦.
No differences were observed within the intimin ε genes, which showed the same digestion profile with PstI, FokI, and HaeIII regardless the serotype of the strains examined. For the intimin ␥-positive isolates, the results obtained by RFLP analysis were confirmed by PCR amplification by using the serotype-specific intimin primer pairs previously described by Gannon et al. (27) for EHEC O157 (primers 19 and 20) and by Louie et al. (42) for EHEC O111 (primers P40 and P20). The two primer pairs correctly identified all of the strains carrying the ␥1 and ␥2 gene subtypes, respectively.
DISCUSSION
Intimin mediates the intimate attachment of the bacteria to the host cell surface and is required for the formation of the characteristic A/E lesion associated with EPEC and EHEC infections. Several studies have shown that a considerable heterogeneity exists within the DNA sequences of the eae genes of different E. coli strains and that the corresponding changes in the amino acid sequence also represent antigenic variations. Using immunological and genetic approaches, Agin and Wolf (3) and Adu-Bobie et al. (1) revealed the existence of four distinct intimin types: intimin ␣, intimin ␤, intimin ␥, and intimin ␦.
We have developed a PCR-RFLP method capable of identifying the four intimins and of further differentiating within the gene types. This method was used to extend the first published observations (1, 3, 27, 42 ) about the distribution of the different eae genes among human and animal EPEC and EHEC serotypes. In addition, our study revealed the existence of a novel intimin type, termed "intimin ε," which was found in human and bovine STEC strains, including the EHEC serogroups O8, O11, O45, O103, O121, and O165.
By studying a large collection of strains, we observed that intimin ␣ seems to be specifically expressed by human EPEC strains belonging to classical serotypes (O55:H6, O125:H6, O127:H6, O142:H6, and O142:H34), although a nontypeable dog EPEC strain was also shown to express intimin ␣. Conversely, the novel intimin type ε was found only in Stx-producing strains, including two serogroups associated with severe human disease, i.e., O103 (43, 46, 62; A. Caprioli et al., Letter, Emerg. Infect. Dis., 3:578-579, 1997) and O121 (39, 40) . Intimin ␥ is also associated with several EHEC serogroups highly pathogenic to humans: O157, O111, and O145. However, it has also been found in EPEC O55:H7, the likely ancestor of O157:H7 (20) , and in nonclassical EPEC serotypes such as O127:H40 and O128:H8. Intimin ␤ appears to be the most ubiquitous type, in that it has been found in both EPEC and EHEC isolates from several animal species: humans, cattle, pigs, rabbits, dogs, and birds. ␤-Positive strains include important diarrheagenic clones such as human EPEC O26:H11, O111:H2, and O128:H2; rabbit EPEC O15 and O103:H2; and human and bovine EHEC O26:H11. In our study, we also typed the intimin of the O86:H34 EPEC strain ICC95 as ␤, though Adu-Bobie et al. (1) had previously classified this intimin as type ␦. However, this discrepancy was only apparent and may have been due to the fact that the respective primers were designed in different regions of eae. In fact, restriction analysis of the PCR products obtained with our ␤-specific primer from strain ICC95, from another O86:HϪ EPEC strain, and from a dog O49 EPEC strain showed a digestion profile, termed ␤2, different from the ␤1 pattern shared by all the other intimin ␤-positive strains. This confirms that there are differences between the eae DNA sequences of O86 EPEC and the other ␤-type strains and indicates that our ␤2 subtype corresponds to the ␦ type of Adu-Bobie et al. (1) .
The observation that different intimin types and subtypes are closely associated with different pathogenic E. coli clones could contribute to our understanding of the evolution of intimin genes. It has been suggested that the diversity within the polypeptide cell-binding domain is driven by natural selection, since intimin is highly immunogenic (1). Voss and colleagues (65) (35) suggests that the H. alvei strains containing the intimin gene are, in fact, unusual biotypes of E. coli or represent a new species in the genus Escherichia. The multiple alignment was based on the last C-terminal amino acids of the different intimin (starting with alanine 658). The two cysteine residues necessary for the formation of a disulfide bond and the binding activity are indicated by asterisks. and intimin ␤. Nevertheless, the immune response of the host may not be the sole parameter driving the selection of the different intimin types. The presence of several distinct eae genes could also account for the ability of the intimin-producing strains to colonize different tissue and/or different hosts. This hypothesis is based on the experiment performed by Tzipori and colleagues (64) in a piglet model with EPEC and EHEC strains previously isolated from humans. This experiment showed that an EPEC strain producing intimin ␣ caused A/E lesions in both the small and the large intestine, whereas an EHEC strain producing ␥ intimin caused A/E lesions only in the large intestine. When the cloned EPEC eae was introduced into the EHEC eae mutant, the hybrid EHEC strain expressing the EPEC intimin caused A/E lesions in both the small and large intestine. The ability to change the site of intestinal colonization by substituting the intimin gene demonstrates that, at least in the piglet model, the intimin protein is essential for specific colonization of the large intestine. Although, EPEC and EHEC host specificity might also lie in the transcriptional regulation of expression of the virulence factors in response to environmental conditions or in the production of intestinal adherence factor distinct from intimin, it is tempting to speculate that intimin type may play a crucial role in the host specificity and/or tissue tropism. Since the ␣-eae genes seem to be specific for EPEC, whereas the ␥-eae genes are mainly found in EHEC, it is conceivable that the expression of different intimin types and the related tissue tropism may have an important role in determining some of the differences in the pathogenesis of EPEC and EHEC infections.
To date, intimin is the only E. coli O157:H7 adherence factor that has been demonstrated to play a role in intestinal colonization in vivo in an animal model. In such models, intimin was shown to be required for EHEC O157:H7 to intensively colonize the intestines and cause diarrhea and A/E lesions in calves and to cause colonic edema and A/E lesions in piglets (11, 16, 47) . These results suggest that antiintimin vaccines might interfere with EHEC infections. If used in cattle, such vaccines could help in reducing the level of EHEC intestinal colonization, thus favoring the control of EHEC infections in humans. However, additional research is needed if an intimin ␥-based vaccine against E. coli O157 is to be developed. First, domestic animals carry a large variety of non-O157 STEC serotypes, and many of them have been associated with human disease around the world. Reducing the load of E. coli O157 producing intimin ␥, without tackling the problem of the non-O157 serogroups producing other intimin types or subtypes, would create an empty niche for these serogroups and could make the problem even worse. Second, the lack of correlation between levels of intimin antibodies in serum and disease severity do not support the hypothesis that an immune response to intimin provides protection against subsequent disease (15) . Third, the existence of intestinal adherence factors distinct from intimin is suggested by the isolation of non-O157 STEC strains that lack the eae gene but are still associated with bloody diarrhea or HUS in humans (18, 48) . In conclusion, EHEC and EPEC strains possess at least seven different types or subtypes of intimin-coding eae genes: ␣1, ␣2,
FIG. 2.
Phylogenetic tree based on the last C-terminal amino acids of the different intimin (starting with alanine 658) of different ␣, ␤, ␥, ␦, and ε intimins of pathogenic E. coli, an intimin homologue from H. alvei, and an intimin homologue from C. rodentium. The accession numbers in GenBank for these sequences and the names of the bacterial strains are given in Materials and Methods. Of note, a recent study (35) 
